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PREFACE

The Safe Drinking/Vater and ToxicEnforcement Act of 1986 (Proposition
65, California Health and Safetode 25249.%t seq) requires that the
Governor cause to be published a list of those chemicals “known to the state”
to cause cancer or reproductive toxicity. The Act specifies thahéaical

is known to the state to cause cancer or reproductive toxicity...if in the
opinion of thestate’squalified experts the chemical has been clearly shown
through scientifically valid testing according to generalbgepted principles

to cause cancer or reproductive toxicity.” The lead agendmfgementing
Proposition 65 is the Office of Environmental Healllazard Assessment
(OEHHA) of the California Environmental Protection Agency. Tsiate's
gualified experts” regardinfindings of carcinogenicityare identified as the
members of the Carcinogen ldentification Committee of the OEHHA Science
Advisory Board (22 CCR 12301).

Quinolinewas discussed ashagh priority candidate for Committee review
during a public committee meeting held in Sacramento, California on July 22,
1996 and at a public workshop held Novemb®&y 1996. Public input was
solicited on the priority of this chemical iwo publiccommentperiods, each

of 60 days duration. Once the chemiwvak selectedbr Committee review,

a public request for pertinent information was made.

This draft documenEvidence on the Carcinogenicity of Quinoline and Its
Strong Acid Saltsvas developed tprovide the Committee with relevant
information foruse in its deliberations, and reviews the available scientific
evidence on the carcinogenic potential of quinoline and its strongsaltgd

The meeting where the Committee is dscuss this evidence has been
tentatively scheduled for Septemlis, 1997. Writterpublic comment on

the document should be submitted to OEHHA by Augost1997, if it is to

be considered by the Committee in advance of the meeting. During the
September meeting, the public will be given the opportunifyrésent verbal
comment to the Committee.
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1 EXECUTIVE SUMMARY

Quinoline is a naturally occurring heterocyclic aromatic chemical found in
creosote and other products produfexin fossil fuels. It isproduced by
combustion of a variety of substanadasluding tobacco and is used in the
chemical industry. Strong acid salts of quinoline, including the hydrochloride,
can be expected to exist in a dissociated state in solution &na, and thus

are considered toxicologically equivalent to the free or protonated base forms.

Administration of quinoline in feed to maleats produced asignificant
increase in the incidence of vascular tumors (hemangiomd®raangio-
sarcomas) of the liver in three studig3uinoline in the diet producedhagh
incidence of hepatocellular tumors and hemangioendotheliomas in male and
female mice in one study that lacked untreated controls. It did not produce a
significant increase in the incidence of tumors in hamsters or guinea pigs, but
the duration of these studiesas so short (30 weeks) th#tey are
uninformative. Quinoline did not produce tumors when administeresldy
injection to male and female newborats. When administered byp.
injection to newborn mice, it produced liver tumors in males but not in
females in three studiesQuinoline initiated skin tumors following dermal
application to female mice.

Quinoline produced mutations ibacteria in the presence of metabolic
activation, unscheduled DNA synthesis in rat hepatocytes, and DNA adducts
in vitro in the presence of metabolic activation.

Based on thenformation reviewed in the preparation of this document, there
is evidence for the carcinogenicity gdiinoline and its strong acid saléd the
same sitliver) in two species. Observations of genétiicity contribute to

the weight of evidence.
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2 INTRODUCTION

2.1 Identity of Quinoline

O

N

Quinoline: GH;N
Molecular Weight = 129.16 CAS Registry No. 91-22-5

Synonyms: benzb]pyridine; 1-benzazine; leucoline; chinoleine.

Quinoline is a hygroscopic, colorless liquid at room temperature, with a
penetrating amine-likeodor (Patty’s IndustrialHygiene and Toxicology,
1994). Theboiling point is237.7°C at 760mmHg; vapor pressure is 1
mmHg at 59.7°C (Patty’s IndustrialHygiene and Toxicology,1994).
Quinoline is soluble inwater (60g/L) and miscible with polar organic
solvents (CHIP, 1983)Quinoline is abase thatombines with strong acids
to form salts, e.g, quinoline hydrochloride. The hydrochloride and other
strong acid salts can be expected to exist in a dissociated statetion and

in vivo, and thus are considerddxicologically equivalent to the free or
protonated bas&rms. The Log octanol/water partition coefficientli99
(CHIP, 1983).

2.2 Occurrence and use

Quinoline is a constituent afreosote, coal tar and certain other products
derived from fossil fuels. It ialso produced by combustion ohamber of
substancescluding tobacco. It is used as a solvent and a decarboxylation
reagent, and as a rawaterial for manufacture of dyes, antiseptics,
fungicides, niacin, pharmaceuticals, and 8-hydroxyquinoline sulfate (Patty’s
Industrial Hygiene and Toxicologyl994). It hasantimalarial activity
(Merck, 1983), but does not appear to dugrently used for this purpose
(PDR, 1996).
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The U.S.production level for quinolineeported in the U.SEnvironmental
Protection Agency’s 1990 Toxic Substances Control Act Inventory Update
was 38,00Qpounds (Sherlock, 1995). In 1994, the tataimber of pounds
released in the U.S., according to the UEhvironmental Protection
Agency’s 1994 Toxics Releadeventory PublicData Release, was 91,028
pounds (US EPA, 1996).

3 DATA ON THE CARCINOGENICITY OF QUINOLINE

3.1 Studies of carcinogenicity in humans

No epidemiological studies of cancer incidence hmman populations
exposed to quinoline have been identified.

3.2 Studies of carcinogenicity in animals

Several bioassays guinoline administered in feed to laboratoags (Hirao

et al, 1976; Shinoharat al, 1977; Hasegawat al., 1989) and a report of
guinoline administered in feed to laboratory mice, hamsters and guinea pigs
(Shinoharaet al, 1977) have been published in peer-reviewed scientific
literature. Studies of quinoline administeredshy injection in rats (LaVoie

et al, 1988) andi.p. injection in mice (LaVoieet al, 1987b; 1988) and
studies of dermal application to mice (LaVatal, 1984) have also been
published. These carcinogenicity studies are summarized below.

3.2.1 Studies in laboratory rats

Hirao et al.(1976)

Groups of 20 male Sprague-Dawleyts were fed a standard diet
supplemented with 0.05% (lowose), 0.10%(mid dose) or 0.25%high
dose)quinoline, and a control group ofv@as given thestandard diet alone.
All animals surviving at 4@veeks wereilled and all animalsvereexamined
for tumors with the exception of thosking during the first 16weeks.
Weight gainwas reduced in theaid- and high-dose groups, and survival was
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poor in these groups (mean survival of 27 andwaieks of treatment,
respectively, as compared with 40eeks in the control group). The
incidences of hemangioendotheliomas or hemangiosarcomas (combined) of
the liver intreated rats are statisticallignificant by Fisher's exadest
(Table 1), and there issagnificant dose-related trenblletastasefrom these
tumors were found in the lungs in two animals.

TABLE 1: Incidence of hemangioendotheliomas of the liver in male
Sprague-Dawley rats treatedwith quinoline for 40 weeks (Hirao et al,
1976).

Dose Incidencé

(% in feed)

0] 0/6

0.05 6/11 (p=0.037)
0.10 12/16 (p=0.003)
0.25 18/19 (p<0.001)

! p values for Fisher’s exact test comparison of incidence in treagrmig
to that in control group are given in parentheses.

Hepatocellular carcinomas and nodular hyperplasia of the \Wwese also
reported by the study authors. The incidence of hepatocellular carcinomas in
control, low-dose, mid-dose and high-dose growps 0/6, 3/11, 3/16 and
0/19, respectively, and the incidence of nodular hyperplaag 0/6, 6/11,

4/16 and 0/19, respectively. The decrease in the incidence of both
hepatocellular carcinomas and nodular hyperplasia ahigihedosemay be

due to the early death of rats in this grdogan of 20weeksfollowing the

onset of exposure).

Shinoharaet al (1977)

Groups of 25 male and 25 female Wigtats were fed a dietontaining 0.2%
quinoline for 30weeks. All animals surviving athe end of the treatment
period were killed. Animals dying before 26veeks of treatment were
excluded fromthe experiment. The liver, spleen and kidneys amimnal
surviving atleast 26 weeks werexamined for tumors. Primary neoplasms
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were reported in the liver. The incidences h@mangioendotheliomas,
hepatocellular carcinomas and nodular hyperplasia were 11/15, 2/15 and
7/15, respectively, in treated males, and 7/22, 2/22 and 14/22 in treated
females. There is no mention of untreated controls in this experiment;
however, the presence of hemangioendotheliomas in more that 7O%esf

and 30% of females after 30 weeks seems biologically significant.

In a second experiment discussed in this reponmal@ Sprague-Dawlenats

were fed a diet supplemented with 0.07§@toline while a control group of

10 wasfed the standard diet for 3@eeks. All rats werekilled at the end of

the treatment period and examined for tumors. The incidence of
hemangioendotheliomas, hepatocellular carcinomas and nodular hyperplasia
was 6/20, 0/20 and 9/2@espectively, in dosed rats. None of these lesions
were observed in the 10 control animals. The increase in the incidence of
nodular hyperplasia is statistically significant, and that of
hemangioendotheliomas of borderline statistical significance (Table 2).
However, the presence of theasgcommon liver tumors i80% of the rats
treated for 30 weeks appears to be biologically significant.

TABLE 2: Incidence of liver tumors in male Sprague-Dawley rats treated
with 0.075% quinoline in feed for 30 weeks (Shinoharat al, 1977).

Incidence
Tumor Type 0% quinoline (controls) 0.075% quinoline
hemangioendotheliomas 0/10 6/20 (p=0.065)
Hepatocellular 0/10 0/20
carcinomas
Nodular hyperplasia 0/10 9/20 (p=0.012)

' p values for Fisher exact test relative to control group given in parentheses.

Hasegaweet al.(1989)

Groups of male Wistarats were fed a standard diet supplementgd
0.25% quinoline for 0 (control), 4, 82, 16, or 20 weeks. In thgroups
treated less than 2@ieeks, someanimalswere killed at the end of the
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treatment period , and some wekiled at four-week intervals until all
animals surviving at 2&veeks were killed All of the animalavere subjected

to complete necropsy, and “main orgam&re examined histopathologically
for tumors. The neoplasms reported in the study were
hemangioendotheliomas and hyperplastic foci of the liver. In animals killed
at 20 weeks, thencidence of hemangioendotheliomaas 0/16, 0/11, 0/11,
5/12, 4/14 and 5/15 imnimalsdosed for O, 4, 812, 16 or 20 weeks,
respectively (Table 3). Thirst hemangioendotheliomaas seen in one of
11 animals killed at 1%eeksfollowing 12 weeks of treatment. Hyperplastic
nodules werdound in 1/14 animals killed after 1Gveeks of treatment and
1/15 killed after 20 weeks of treatment.

TABLE 3. Incidence of liver hemangioendotheliomas in male Sprague-
Dawley rats treated with 0.25% quinoline in feed (Hasagawat al, 1989).

Weeks of Incidence in rats killed at weék:
treatment
4 8 12 16 20
0 - - - -- 0/12
4 0/5 0/6 0/6 0/6 0/11
8 - 0/6 0/11 0/12 0/11
12 -- -- 1/11 2/12 5/12
16 -- -- -- 4/14 4/18
20 - - - - 5/16
(p=0.044)

' p values for Fisher exact test relative to control group given in parentheses.

LaVoieet al. (1988)

A group of 101 newbormale and female Sprague-Dawlats were dosed
with quinoline in dimethylsulfoxid¢dDMSO) bys.c.injection once peweek
for the first 8weeks oflife. Thedoseduringweek 1 and week 8 was 25.8
mg/kg, and theloseduringweeks 2-7 was 12.8g/kg, giving atotal lifetime
dose of 129ng/kg. A group of 59 newbonrats given weekly injections of
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DMSO served as controls. Survival was poor in treated rats: 59% died within
the firstweek. Animals that died before 9 montkgere excludedrom the
experiment whichwas terminated at 78veeks whenall surviving animals
werekilled and examined. No significant increasesuofior incidence at any

site were found.

3.2.2 Studies in laboratory mice

Shinoharaet al (1977)

Groups of 40 male and 40 fematElY mice were fed a standard diet
supplemented with 0.2%uinoline. During the first siweeks, 20males and

20 females diedrom pneumonia. Animalthat did not survive 26veeks of
treatment were excludeflom the experiment and all animals alive at 30
weeks werekilled and examined for tumors. The incidence of nodular
hyperplasia, hepatocellular carcinoma and hepatic hemangioendothelioma in
maleswas 1/10, 1/10 and 8/1@gspectively, and in females were 2/10, 0/10
and 8/10. Nanformation on a control group igresented by the authors.
However, the 80% incidence of hepatic hemangioendotheliomas, which are
uncommon tumors, appears to be biologically significant.

LaVoieet al. (1984)

Female SENCAR micwere given 10 dermal applications of eith@75%
guinoline in0.1 ml acetone or 0.1 ml acetone alor#&arting 10 days after
the last application, ea@nimalwas treatedalermally with 2 mg of théumor
promoter, tetradecanoyl phorbol ester (TPA) twice week for 18 weeks.
The incidence of skin tumors after I8eeks ofpromotionwas 21/40 in
treatedmice and3/39 in control mice. The increase in treateide ishighly
statistically significant (p<0.001 by Fisher’s exact test).

LaVoieet al. (1987h)

A group of 41 male and 41 fema@D-1 mice were given 0.032 mg of
guinoline iInDMSO on day 1 ofife, 0.065 mg on day 8 and 0.129 mg on day
15 by i.p. injection. A control group of 35 male and 35 femidés was
injected withDMSO alone on these days:ive animals ofeach sex in the
group receiving quinolingverekilled at 35weeks, andll animals surviving
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at 52 weeks werkilled and examined for tumorsAnimals that diedduring

the first 35 weeks were excluded from the study. The liver, spleen and “gross
lesions” from animals surviving past 35 weeks wereexamined
histopathologically. In dosed males the incidence of hepatocellular adenomas
and carcinomas in males was, respectively, 4/17 and 8/17, and in females was
1/19 and 0/10. The incidence of hepatocelltlanors in control males was
1/17 (one carcinoma) and in control femaleas 0/18. The increased
incidence of hepatocellular tumors in treated males is statist&ighyficant

by Fisher's exact test (p=8.3x10-3). In addition to thésdings, the
incidence of leukemia or lymphoma combined in female micgé0, was
significantly higher than the incidence, 0/18, in controls (p= 0.01).

LaVoieet al. (1988)

A group of 56 male and femaf&D-1 miceweregiven0.032 mg ofquinoline

in DMSO on day 1 ofife, 0.065 mg on day 8 and 0.129 mg on day 15 by
I.p. injection. A control group of 46 male and femedés was injectedvith

DMSO alone on these day®ll animals surviving at 22veeks werekilled

and examined for tumorsAnimals that died during the first six monthere
excluded fromthe study. The livers antigross lesions”from animals
surviving pastsix monthsvereexamined histopathologically. blosedmales

the incidence of hepatocellular adenomas or carcinomas combined, 13/19 (2
carcinomas and 11 adenomasas statistically significantly increased above

the incidence 0/21 in controls. Nwer tumorswere seen in females. In
dosedfemales the incidences ling tumors, 3/27, and leukemia, 5/27, were
increased above the respective incidences in controls, 0/21 and 1/21, but
these increases are not statisticabignificant. (p=0.17 andp=0.16,
respectively by Fisher’s exact test).

Weyancet al. (1993)

A group of male and femaléD-1 mice were given0.032 mg ofguinoline in
DMSO on day 1 ofife, 0.065 mg on day 8 and 0.129 mg on day 15.jny
injection. Control groups of male and femeadés was injectesvith DMSO
alone on these daysAll animals surviving at 52veeks werekilled and
examined for tumors. Animals that died during the fivad monthswere
excluded fromthe study. The livers and lung®@m animals survivingpast
two months were examined histopathologically. In dosed malasdidence
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of hepatocellular adenomas and carcinomas, respectively, 15/33 and
1/33. Noliver tumorswerefound in 38 control males, ineated females or in
female controls. The increased incidence of hepatocellular tumaolssed
males is highly statistically significant (p<0.001 by Fisher’s exact test).

3.2.3 Studies in laboratory hamsters and guinea pigs

Shinoharaet al (1977)

Groups of 25 male and 25 female Syrian golden hamstesfed a standard

diet supplemented with 0.2%uinoline. Animals that did not survive 26
weeks of treatment were excludiedm the experiment, and all animalbve

at 30 weeks weréilled and examined for tumors. No hepatic neoplasms
were found in any of the 25 males or 19 females alive aww2éks. The
duration of this experiment is inadequate to support a conclusion that chronic
administration of quinoline at thisate does not produce hepationors in
hamsters.

Shinoharaet al (1977)

Groups of 22 male and 22 female Hartley guinea pigee fed a standard

diet supplemented with 0.2%uinoline. Animals that did not survive 26
weeks of treatment were excludiedm the experiment, and all animalbve

at 30 weeks weréilled and examined for tumors. No hepatic neoplasms
were found in any of the 21 males or 17 females alive aww2éks. The
duration of this experiment is inadequate to support a conclusion that chronic
administration of quinoline at thisate does not produce hepationors in
guinea pigs.

3.3 Other relevant data

3.3.1 Genetic Toxicology

Quinoline produced mutations in tl&almonella typhimuriunmutagenicity
test in the presence but not in the absence of metabolic activation @dong
al., 1978; Eppler et al., 1977; Hollsteinet al., 1978; Nagacet al., 1979,
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LaVoie et al.,, 1991: Willeset al., 1992). Quinoline also produced
unscheduled DNA synthesis (UDS) in cultured rat hepatocytes (LaYoie
al., 1991; Williamset al, 1992). Quinoline also produced adducts with RNA
and DNA when incubated in the presence of metabolic activation €T adla
1980). Theguinoline bound to nucleic acwlas releaseduring incubation at
100 C under alkaline or acidic conditions as 3-hydroxyquinoline.

3.3.2 Structure-Activity Comparisons

When injected intraperitoneally in newborn CD-1 mi&efluoroquinoline
wasmore potent as a hepatic carcinogen tiwasquinoline (Weyandet al.,
1993). When applied to the skin of SENCARCce as an initiator in an
initiation-promotion skin tumor bioassay, 4-methylquinoline and 8-
methylquinolinewere approximately as potent gsinoline. However, 2-
methylquinoline, 3-methylquinoline, 5-methylquinoline, 6-methylquinoline
and 7-methylquinoline exhibited no significant activity (LaVeiel, 1984).

Unscheduled DNA synthesis in rat hepatocytes produced bguinoline,
4-methylquinoline and 8-methylquinoline buwtas not produced by 2-
methylquinoline or 5-methylquinolineUDS was produced by 5-, 6-, 7-, and
8-fluoroquinoline but not by 2-, 3-, or 4-fluoroquinoline (LaVeieal.,1991).

Neither 5,6-dihydroxy-5,6-dihydroquinoline nor 5,6-dihydro-5,6-epoxy-
quinoline induced mutations in tis&lmonella typhimuriurmutagenicity test,

and they did not produce unscheduled DNA synthesis in rat hepatocytes
(LaVoie et al., 1987a). 2- ar@ifluoroquinoline did not produce mutations in
the test, but 4-, 5-, 6-, 7- addfluoroquinolione produced mutations (LaVoie

et al., 1991).

3.3.3 Pharmacokinetics and Metabolism

When quinoline is incubated in th@esence of raliver homogenates, the
major product is 5,6-dihydroxy-5,6-dihydroquinoline. Smaller amounts of 2-
hydroxyquinoline, 3-hydroxyquinoline and quinoline-N-oxidee formed
(LaVoieet al.,1983).
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3.4 Mechanism of Carcinogenicity

The genotoxicity of quinoline demonstrated in a number of in wéEsts is
consistent with the hypothesis that it increases the incidence of cancer by a
genotoxic mechanism. Lefevre and Ashby (1992) have observed that
guinolineacts as anitogen in the liver ofats andmice but not in the liver of
guinea pigs. Based on the concordance ahitogenic and carcinogenic
activity in these threespecies, they suggested that carcinogenicity of
guinoline is due to its mitogenic activity.

4 SUMMARY AND CONCLUSIONS

4.1 Summary of evidence

Administration of quinoline in feed to male rats produced a significant
increase in the incidence of vascular tumors (hemangiomas or
hemangiosarcomas) of the liver in two studies. Quinoline in the diet did not
produce a significant increase in the incidence of tumors in hamsters or
guinea pigs, but the duration of these studies was so short (30 weeks) that
they are uninformative. Quinoline did not produce tumors when administered
by s.c injection to male and female newborn rats. When administered. by
injection to newborn mice, it produced liver tumors in males but not in
females in three studies. Quinoline initiated skin tumors following dermal
application to female mice.

Quinoline produced mutations in bacteria in the presence of metabolic
activation, unscheduled DNA synthesis in rat hepatocytes, and DNA adducts
in vitro in the presence of metabolic activation.

Structure-activity comparisons show several other related compounds which
have been found to have tumorigenic activity that is similar to that of
guinoline.

4.2 Conclusion

Based on thenformation reviewed in the preparation of this document, there
is evidence for the carcinogenicity gdiinoline and its strong acid saléd the
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same sitliver) in two species. Observations of genétigicity contribute to
the weight of evidence.
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